
student will: 


Select the statement that describes a half-wave dipole antenn 

State the plane of distribution of H-lines around a half-wave 
dipole antenna. (3) 

State the plane of distribution of 12-lines ai'ound a half-wave 
dipole antenna. (6) 

Draw the voltage standing wave and the current standing wave 
diagrom of a half-wave dipole antenna at resonance. (lO) 

State the type of load presented to the transmission line by 
wave dipole antenna when the antenna is operated above its re 
frequency. (1^0 

State the type of load presented to the transmission line by 
wave dipole antenna when the antenna is operated below its re 
frequency. (l8) 

Match the types of fields with their descriptions. (25-26) 

Select the formula used to compute the power of the induction 
field. ( 28 ) 

Select the fomala used to compute the power of the radiation 
field. (31) 

Select the diagrajn that represents the radiation pattern of a 
vertlcal].y mounted half-wave dipole antenna. ( 3 O) 

Label the beam angle, the half- power points, and the point of 
maximum radiation on a diagram of a radiation pattern. (40) 

List three types of radiation patterns. (43-45) 

State the two resistances that combine to determine the input 
impedance of an antenna. (52) 


Define polarization. (54) 


antenna, (bbj 






energy to the medium for propagation or radlatio 

An antenna is defined as a conductor or system o 
ductors used either to radiate or to receive ele 
magnetic energy. In the study of antennas, the 
wave dipole antenna has been established as the 
reference. A half-wave dipole antenna, referred 
as the basic antenna, is the shortest antenna th 
resonates in free space. 

The shortest antenna that will resonate in free 
is the dipole antenna. 


ave The shortest antenna that will resonate in free 

space is the 

^ave J>. Current flov^ through a conductor causes a magnet 

field to be built up. This field, called the K- 
is formed in a plane that is perpendicular to th 
antenna, as shown in the figure below. 


h-lines 



gradually becomes weaKer tov;ard tne extremities oi 
antenna. 


sndicular 


4. 


Tne magnetic field, or H-field, around a half-wav( 

dipole is formed in the Pl’ 

perpe ndi c ular/par alle^l 

The magnetic field that is in a plane perpendicuL 
to the half-\'/ave dipole antenna is called the 
-field. 


5. Select the statement that describes a half-wave 

dipole, 

a. The longest antenna that will resonate in frei 
space, 

b. The shortest antenna that will resonate in fr 
space, 

c. The longest physical antenna that requires a 
ground to operate. 

d. The shortest physical antenna that requires a 
ground to operate. 


6. Current flow through the conductor forms an elect 
static field along with the H-field. This electr 
static field, referred to as the E- field, is form 
in the plane that is parallel to the antenna. 


2 



•■les 


In the diagram above, the E-field starts at the posi- 
tive end and flows toward the negative end of the 
conductor. The strength of the field increases at the 
center because of the heavy concentration of E-lines 
and then gradually decreases in strength as the 
extremity is reached. 

The electrostatic field, or E-fieid, around a half-wave 
dipole antenna is formed in the 
plane . 



perpendicular/parallel 





dipole antenna are 90° out of phase. The positi 
the standing waves on the antenna causes the cen 
a half-wave antenna to appear as a series-resona 
point, and the load presented to the source appe 
purely resistive. 

ITie current standing wave is maximum at the cent 
minimum at the extremities. The voltage standin 
wave is minimum at the center and maximum at the 
extremities. 

As shovm below, the current and voltage standing 
waves are 9^*^ out of phase on the half-wave dipo 
As long as the antenna is operated at resonance, 
relationship vail exist. 

y' Voltage 

Current 

V/hen a half-wave dipole antenna is at resonance, 

center of the antenna has a voltage standing wav 

that is and a current standing 

maximuny^ mi nimum 

that is . 

max imun/ mi nimum 




The electrostatic field, or I^i f.ielcl, is form 

plane that is to t.ie 

perpcndicular/paraliel 


State the plane of distribution of ’i* 0 .ir:es a 
half-v/ave dipole antenna. 


At resonance, the vol'wa/-}c and currcr.t standi 
of the half-v/ave dipole antenna are 90® out 
hov/ever, if the frequency varies from the re 
frequency^ the standing v/aves will shift the 
positions on the antenna, which causes the ai 
appear either longer or shorter electrically 

This shift of the standing v;aves causes the 
effect presented by the antenna to change it 






creased sliEhtly above resonance, which causes the 
voltage standing wave to shift toward the ends of 
antenna. The antenna now appears longer, and the 
load presented to the ti'ansiniss ion line by the an- 
tenna will appear inductive and resistive. 



When the frequency increases sliglitly above resom 

the loading effect will appear 

and resistive. 

When the antenna appears inductive and resistive, 



frequency has slightly from 

i nc r ea s ed / d ec r eased” 


resonance. 


16. On the figure below, draw the current wave of the 


half-wave dipole antenna at resonance. 



17. State the plane of distribution of E-lines arount 
half-wave dipole antenna. 





The half-wave dipole antenna slightly above resonance ' 
has the voltage standing wave leading the current 
standing wave, and the load appears inductive and 
resistive. 

When tl\e frequency decreases slightly below resonance, 
the standing waves again shift their relationsliip. 

This shift causes the current standing waves to 1 ead 
the voltage standing wave. The antenna now appeas 
shorter , and the load presented to the transmission 
line by the antenna will appear capacitive and 
resistive. 



When the frequency decreases slightly below resonance,! 

the loading effect appears and 

resistive . 

19. The antenna appears as a capacitive and resistive 

load when the frequency from the 

increases /deer eases 


resonant frequency. 


I I 

When the frequency increases slightly above r 
tlie antenna load appears a 


21. Draw the voltage standing wave and the curren 
standing v>fave of a half-wave dipole at resona 
the diagram below. 



22. When the frequency decreases slightly below r 

the antenna will appear as a 

and load. 

23. State the type of load presented to the trans 
line by a half-wave dipole antenna when the a 
is operated above its resonant frequency. 

24. State the type of load presented to the tran^ 
line by a half-wave dipole antenna when the c 
is operated below its resonant frequency. 
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The electric and magnetic fields are at right angles 
to each other in the space around the antenna. 



The magnetic field is composed of two components 
that are in phase in time. 

The electric field is composed of three components 
that are not in the same time phase. 

Because of the relationship of the components of the 
two fields, there are two separate electromagnetic 
fields produced. These electromagnetic fields are 
of prime importance to the operation of an antenna 
and are called the induction field and the 
radiation field. 


9 



and the magnetic field; however, the components of 
the fields are out of phase in Lime. The induction 
field may be disregarded except in the immediate 
vicinity of the antenna. It has no part in the 
transmission of the electromagnetic wave. 


In the figure below, the phase relationship is shown 
with the electric and magnetic fields at right angles 
to each other with the components displaced in time 
by 90“ . ^ 

V*- 



The field that is in the immediate vicinity of the 
antenna and has no part in the transmission of the 
electromagnetic wave is the field. 


the fields are in phase in time. In the figure 


bolov/, inc electric field and the magnetic field arc 


ahovm at ri^-.ht angles to each other with the 


coi.n:)onents in nhase in time. 

1 

H* 

rti 

H 



Tlic radiation field contains ener^ry referred to as 
Che electromagnetic wave, and this is the energy tha 
ic transmitted or received by the antenna. 

Encrr;y that escapes from the antenna is self- 
propa;"atinc', and needs no medium, such as air, to 
travel tliron^h. It travels at a speed that ap- 
proaches the speed of light. 

The field that is referred to as the electromagnetic 
wave and is transmitted or received by the 


antenna Is called the 


field. 


A 


]> 


(1) Induction 

a. 

The electric field that 

field. 


perpendicular to the 
antenna. 

(s) Hadiation 



field. 

b. 

The electric and the 
magnetic field in the 
immediate vicinity of th 
antenna. 


c. 

The field that increases 
strength as distance 
increases. 


d. The field that is 

transmitted or received 
the antenna and is refer 
to as an electromagnetic 
wave. 


b. 


28. EVen though the induction field and the radiatior 
field are present at the same time, it is possib 3 
compute i.he field pov/ers separately. 


The FIEU) is composed of the electric i 
and the magnetic field with the components out ol 
phase, and field strength varies inversely with 1 
shuare of the distance. 


In the INDUCTION B'lELD, the strengths of the ele( 
and magnetic fields vary inversely with the squeu 
the distance from the antenna; therefore, E = 

d‘ 

and H = -i— , where E = electrostatic field, 
etic field, and d = distance. 


d = dis‘oQ.nce. 

Select the forr.ula used to compute the pov;er of th 
induction field. 


a. 

P = 

1 

d2* 

b. 

P = 

1 

d 

c . 

P = 

1 

d. 

P 

1 . 



d^ 


?S> The formula for computln-s induction-field pov/er is 



'^0. The field that is transmitted or received by the 

antenna and is referred to as an electromagnetic v. 

is the field, while the field 

i nd uc t i. on/r ad i at ion 

is in the immediate vicinity of the antenna but he 
effect on the radiated wave is the 

indue ti on/radie 

field. 
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o.Me P./QIATIC ■ rlcoD -iro sta'^cd an iC ■■ -i— and J{ 

ci 


j'lic rad’ a.^i o*' -field pov.-er in 'dne prodicf. of tae 
Gloc'.ric and ir.a^netic fields and is Gl,a;.ed <a5 




VN 


:>. V/hich of the following formulas is used to cciripu--e 
the po’.^er of the induction field? 
a. P = -2-.. 


b. P - . 



d‘ 


^4. Match each field in column A wit.-, ii,s description 
colaT.n ' . 

A 

a. The field v.i'.at Incroases 
strenp.th as distance 
increases . 

t. The electric field that i 
pcrpondicL’l.ar zo tiie 
antenna. 

c. The field that is trans- 
mitted or received by tae 
antenna and is referred t( 
as an clectrorr.agnetic wav 

d. The electric and the 
magnetic field in the 
irtmediate vicinity of the 
antenna. 


Zi5. V/hicn of the follov/ing fornulas is used to compute 


the pov/cr of the radiation field? 



(l) I..U on 
f.i eld 4 

(' ) ;>adiation 
field. 


>7* Select tiiC fonnula used to cornpute the povjer of 


j'iidiai,iDn field. 



^3. The radJ.aLion jvitLorn of an antenna is UoLoijnii 
i.ieasiu in tnc field stronf^th at all points aroi 


t!ie ar.i-e.ir.a at a constant distance and plotting 


read iiv;s or. a polar (jraph. 
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4o. Enei'~y radiated by an antenna other than a 

vertically mounted half-wave dipole antenna forms a 
radiation pattern that contains a beam an^le, a 
max'inum radiation point, and half-power points. 


13 




0. a Horizontally moimted half-vav'e 
dipole antenna as viewed from above Is shown below. 



For simplification, only one-half of the pattern v/ill 
be used. The maximum radiation point, point D, which 
is tne point of the concentration of E-lines, is the 

point on the pattern directly opposite the antenna, 
point A. 

O Maximum 

radiation 

point 

Ihe points on clie radiation pattern where the energv 
is equal to 0,707 of the maximum energy arc the half- 
power points. These are labeled as points 'c and C. 



arif^le . 


Antenna 



The energi" at the point directly opposite the bea 

angle is . 

maximuny'rainijnuin 


oi a verLicaiiy r.ouai.ea ciaii-wa' 



h'^. There are many types of radiation patterns. The 


three nost v/ldcl;-* used are the or.nidircctional, tl 


bidirectional, and the unidirectional patterns. 


The radiation pattern of the vertically counted hJ 
v;ave dipole resembles a dovi:.;h.iat, as shovm in the 
cross-sectional viev.' belovr 



same in ail dii’ections from the 


an'.er.na. 

A verclcally mounted ha].f-wave dipole radiates 


i- 


4A. 


pattern. 

To obtain bidirectional characteristics, a hcxll 
dipole antenna is mounted in the horizontal pic 
Viewed from above, the radiation pattern appeal 
snown in tne fij^ure below. Mtixinum eiier^’y is 
radiated in two directions from the antenna. 



A horizontally mounted half-wave dipole antenne 
radiates a/an 


pattern. 





•LCL I. 


me iigui'e oeiow snov/s the end 


view of tile pattern that is radiated by a iiorizon- 
taJ.ly mounted half-wave dipole antenna at (^rround 
level. The ar’cund acts as a reflector^ and the 
energy is radiated in a vertical beam. 



The three types of radiation patterns most widely 

used are the . the 

and the . 

46. List three types of radiation patterns. 

( 1 ) 

{?.) 

(5) 


47 . Label the beam angle, the half-power points, and the 
point of maximum radiation on the diagram of the 
radiation pattern below. 


Antenna 




Half~pov;er 

point, 

;[air-pov/er 

point 

i!T;a'ii 

radiation 

point 


radiation pattern of a vertically mounted half 
dipole antenna. 




c 





L-.earr. angle 

51. List three types of radiation patterns. 

Haif“power 

(1) 

point 

(2) 

Half-pov/er 

point 

(5) 

Maximum 

radiation 

point 


ni- 

52, Antennas .nave power losses that must be replac 

rectional. 

the source. These losses are caused by the ir 

directional. 

at the input of an antenna. 

idirectior.al 

The input impedance is a combination of two 


resistances-- the resistance of the conductor i 


radiation resistance. Radiation resistance ii 


amount of resistance required to dissipate th( 


amount of povrer that is actually radiated froi 
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VJhen Uic half-wave dipole antenna is operated at itj 
resonant frequency, it offers a purely resistive loj 
of 'f''< ohms to the transmission line, which is the 
mifiimiini input impedance. 

Altnou<;h radiation resistance accounts for the 
majority of the input impedance, the conductor also 
dissipates power because of the current flow througl 
it. 'I’l'.c length of the conductor and the type of 
material affect the resistance of the conductor. 

.Select the tv/o resistances that determine the input 
iiiijH'dancc of an antenna. 

a. Conductor resistance. 

b. Hesonant resistance. 

c. Radiation resistance. 

d. Capacitive reactance. 

53. List the two resistances that determine the input 
impedance of an antenna. 

( 1 ) 

( 2 ) 


the mounting of the antenna. 


A vertical dipole radiates a vertically pola 
vrave. Most transmissions belov/ 2 Milz are ve 
polarized. TV and FM broadcasts normally us 
horizontally polarized antennas. To receive 
maxiinam signal, the transmitting and receivi 
antennas must have the same polarization. A 
antenna that is polarized in the same plane 
axis (direction of mounting of antenna) is s 
lineai'ly polarized. 

Circular polarization is produced by using t 
linearly polarized fields that are perpendic 
each other and have a 9^"^ phase differential 



Polarization is defined as the orientation < 


electric field 



ob. Wliich of the following resistances form the input 


impedance of an antenna? 

a. Radiation resistance. 

b. Capacitive reactance. 

c. Resonant resistance. 

d. Conductor resistance. 

57. Antenna (fain, which is a figure of merit, is the 


ratio of the maximum power output in a given 
direction to the input power. 

In antenna theory, GAIN is inverse to beam width. 
When the beam width increases, the power is 
dissipated over a larger area, and the gain 
decreases. For an antenna to obtain a large gain, 
the beam width is made as narrow as possible. 

The gain of an antenna increases when the beam width 

is • 

increase^decreased 

58. An increase in beam width causes antenna gain to 
increase/decrease 
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60. State the two resistances that combine to detei 
the input impedance of an antenna. 

( 1 ) 

(2) 


6l. The bandwidth of an antenna is the band of 

frequencies that an antenna can respond to and 
radiate with maximum efficiency. The bandwidth 
determine proper operation and is influenced 
several factors, some of which have already bee 
discussed: radiation pattern, gain, polaorizati 
characteristics, and Impedance characteristics. 
Another factor affecting bandwidth is the side- 
level. The side lobe consists of radiated ener 
not contained in the main beam and is basically 
low-power area of stray radiation constituting 
loss of main beam power. 

A change in the side-lobe level affects bandwid 
just as a change in beam width affects gain. Vi 
the side lobes are reduced or eliminated, the b 
width increases, which causes a decrease in gal 





il 

III figure A below, the side lobes are large in size 

and the beam angle is 25®. In figm-e B, the si(Le t] 

•! 

lobes have been reduced in size and their energy 

added to the radiation pattern, which causes the beam j 

1 

angle to increase. Figure C shows the radiation \ 
pattern with the side lobes eliminated. All the j 
energy is radiated, but with a marked increase in the 
bemri angle. This causes a loss in gain which affects 
the bandwidth. 



A. B. C. 


hist the five factors which affect bandwidth. 

( 1 ) 

( 2 ) 

( 3 ) 

M 

( 5 ) 


(U) 

( 5 ) 


6 '^. A decrease in beoin width causes antenna gain tf 


Define polarization. 


65. Decaose the velocity of r-f energy in a conduc 
different from that in free space, the electri 
length and the physical length of the antenna ■ 
be different. There are three factors that af 
the electrical length. 


52 










iiifii.i.i lui v/it-n a fiiclectric constant greater than one 
(,Iki velocity of the electrorriagnetic wave. 

'.1 \ y.v . 

An 1 in;r(Vi.‘ii‘ in tlio circumference of the antenna is 
tin; nnj/io nr. an iricrease in the plate area of a 
c/Lpac i tor . I'oth cause the capacitance to increase. 
Thin increase causes a decrease in the velocity of the] 
<: 1 (•(• tre imai .tu; t i c \'/ave . 

Knil t‘l‘l'»'.ct. 

Objects of icetal or dielectric material! near an 
ajii.ciiiia v/ill a,lr,o cause a change in velocity of the 
c l.cc tri)iii/i<;Mf;t,H; wavo^ owing to the stray capacitance 
causotl by tlicso objects. This stray capacitance is 
ctilUiil KW!) KFI'M'XtT, because the ends of the antenna 
ai-c made farther apai't electrically than physically. 

The three factors that affect the electrical length 
of an antenna are: 

( 1 ) 




circumference of the conductor, and its locatj 
objects of metal or dielectric material affect 
electrical ^ antenna. 

72. List five factors affecting the bandwidth of i 
antenna. 

(i) 

(?) 

(3) 

w 

(5) 

75. The method used to compensate for end effect i 

to shorten the antenm 

physicallj^/electrically 

5 per cent to 6 per cent. 


Jh, List three factors that affect the electrical 
of an antenna. 


(1) 

(?) 

(3) 










You have completed this program. 

Review the objectives on pages i and ii. 
If you do not completely understand an 
objective, turn to the frame/s indicated 
by the number/s in parentheses* 
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1. Antennas * AW~57^A. Philco-Ford. Pages 2 tc 

2. Basic Electronics * MAVPERS IOO 87 -H. Washing 
U. S. Government Printing Office. Chapter Ij 
pages 552 to 5 ^ 0 . 

3* Electronic Circuit Analysis . Vol. II. 

NAWEre 00-i36-T-79. Washington: U. S. Coven 
Printing Office, I 965 . Chapter 15, pages 15- 

15 - 17 . 

4. Terman, Frederick. Electronic and Radio 

Engineering . Fourth Edition. Hew York: McG] 
riill. Chapter ?5, pages 86 ^ 4 - to 867 . 


Select the statement that describes a half-wave dipole anteni 

a. The shortest antenna that will resonate in free space. 

b. The shortest physical antenna that requires a ground to i 

c. The longest antenna that will resonate in free space. 

d. The longest physical antenna that requires a ground to o; 

State the plane of distribution of H-lines around a half-wav< 
dipole antenna. 

State the plane of distribution of E-lines around a half-wavi 
antenna. 


Draw the voltage standing wave and the current standing wave 
half-wave dipole antenna at resonance on the diagram below. 


1 I 

State the type of load presented to the transmission line by 
wave dipole antenna when the antenna is operated slightly abi 
resonant frequency. 

State the type of load presented to the transmission line by 
wave dipole antenna when the antenna is operated slightly be 
resonant frequency. 
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received by the antenna ar 
(2) Radiation field. referred to as an electro' 

joagnetic vave« 

b. The electric and the 
magnetic field in the inuiK 
vicinity of the antenna. 

c. The field that increases : 
strength as distance inert 

d. The electric field that it 
perpendicular to the antei 


Select the formula used to compute the power of the induction 

a. P = -L. 

d 

b. P == -L. 

d^ 



Select the formula used to compute the power of the radiation 
field. 



the beam angle, the half-power points, and the point of 
un radiation on the radiation pattern shown below. 



Antenna 


A 



State the two resistances that combine to determine the i 
impedance of an antenna. 

ll+. Define polarization. 


15. State the effect that a decrease in beam vridth has on the 
antenna. 

16. List five factors affecting the bandwidth of an antenna. 

( 1 ) 

{?.) 

(3) 

(4) 

(5) 

17* List three factors that affect the electrical length of £ 

( 1 ) 

(2) 

(5) 

l8. State the method used to compensate for end effect. 



TO RE VTO .Tm: 

theory of Antennao 

i. 

Perpendicular to the antenna. 

Parallel to the antenna. 

Voltage 

Current 

rhe load appears inductive and resistive. 

?he load appears capacitive and resistive. 

(1) h. 

(2) a. 

i. 

b. 




Lonductoi- resistance. 


Radiation resistance. 

The orientation of the electric field in the direction of radiat 
Increases . 

Radiation pattern. 

Gain. 

Polarization. 

Impedance. 

Side-lobe level. 

Conductor material. 

Conductor size. 

End effect. 

I4ake the antenna physically 5 per cent to 6 per cent shorter. 



